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Water Heating 3.7

Hot water is used in Federal facilities for hand
washing, showering, janitorial cleaning, cooking,
dishwashing, and laundering. Facilities often have
significant hot water needs in one or more loca-
tions, and many smaller needs scattered through-
out the facility.  Methods for reducing the energy
used to generate hot water include: maintaining
equipment and insulation; reducing hot water use
and water temperatures; reducing heat losses from
the system; and utilizing waste heat sources and
appropriate technologies, including solar water
heating.

Action Moment
Reduce demand first through efficiency measures
and by matching the water temperatures to the
task.  Then, consider heat source and new equip-
ment to  lower operating costs further. Installing
higher-cost, new water-heating technologies, such
as waste heat recovery, is often done in conjunc-
tion with air conditioning equipment changes. Plan
ahead and select a technology for use in the event
the existing system fails.

Water Heating Technologies
Several water-heating technologies are listed be-
low.

Solar thermal water heating captures the
energy from the sun for heating water.  Direct sys-
tems circulate domestic water directly into the
panels.  Indirect solar systems use heat exchangers
and food-grade antifreeze solutions to eliminate
freeze damage and hard water scaling of the pan-
els.  

Standard electric water heaters store elec-
trically heated water in insulated storage tanks.
Many older tanks have poor insulation compared
to today’s standards and should be replaced or
jacketed externally with additional insulation.

Tankless electric or on-demand electric
heaters eliminate standby losses by heating water

only during use. They are located at the point of
use, and are convenient for remote areas having
only occasional use. However, they can increase
electrical power demand charges if hot water is
used during peak periods of the month.

Steam-fired water heaters utilize centrally
produced steam for heating water. These units are
popular in commercial kitchens where steam is
also used for cookers. Where boilers must be kept
operating during summer months to supply small
amounts of steam for kitchen purposes, changing
to alternative water heating would be extremely
cost effective.

Standard gas-fired water heaters use natu-
ral gas or propane burners located beneath storage
tanks.  Standby losses tend to be high because in-
ternal flues are uninsulated heat-exchange surfac-
es.

Condensing gas water heaters are ex-
tremely efficient gas units that capture the latent
heat of vaporization from the combustion gases.
Flue gases are cool enough to permit venting
with special PVC pipe.

Solar thermal water heating can meet hot water
demand at very low operating cost. Flat plate col-
lectors are in the middle of the photo. Also shown
are  PV panels on the flat portion of the roof.
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Tankless gas water heaters are installed at
the point of use.  These on-demand heaters may be
good options  for remote sites where there is ade-
quate gas piping, pressure, and venting. 

Air-source heat pump water heaters are
specialized vapor-compression machines that
transfer heat from the air into domestic water.
Commercial kitchens and laundries are excellent
opportunities because both indoor air temperatures
and hot water needs are high.  In the process of
capturing heat, the air is both cooled and dehumid-
ified, making space conditions more comfortable.
Air-source heat pumps are only recommended if
the air source is warm with waste heat.

Water-source heat pump water heaters are
dedicated heat pumps that heat domestic water
from energy captured from a water source. The
heat source may be groundwater that is used for its
stable year-round temperature, or a low-grade
waste heat source at a temperature lower than the
desired domestic water temperature.

Waste heat water heaters, also known as
desuperheaters, are connected to air conditioners,
heat pumps, or refrigeration compressors.  Hot re-
frigerant gas from the compressor is routed to the
gas side of the unit’s heat exchanger.  Water is es-
sentially heated for free whenever the air condi-
tioner, heat pump, or refrigerator compressor is op-
erating.  When a waste heat water heater is con-
nected to a heat pump that is operating in heating
mode, some of the heat pump’s capacity is devot-
ed to water heating.

Insulate tanks and hot water lines that
are warm to the touch. Only recently have manu-
facturers installed adequate amounts of insulation
on water tanks.  Hot water lines should be contin-
uously insulated from the heater to the end use.
Cold water lines also should be insulated near the
tank to minimize convective losses.  

Limit operating hours of circulating pumps.
Large facilities often circulate domestic hot water
to speed its delivery upon demand.  Both the cost
of operating the pump and heat losses through pipe
walls will be reduced.

Install heat traps. Heat traps are plumbing fittings
that cut convective heat losses from water storage
tanks.

Install hot water heaters near the points of most
frequent use to minimize heat losses in hot water
pipes. This location will not necessarily be where
the most hot water is used. 

Eliminate hot water leaks. Delays in repairing
dripping faucets often lead to more expensive re-
pairs. Failure to replace faucet washers promptly
will cause metal-to-metal contact between the
valve stem and valve seat.  

Repair hidden waste from failed shower diverter
valves that cause a portion of the water to be
dumped at a user's feet. This leakage is usually not
reported to maintenance teams.

Reduce hot water temperature.  Temperatures
can be reduced to 60˚C (140oF) for cleaning and
laundering.

Low-flow fixtures.  Some low-flow show-
erheads and faucets atomize water into tiny
droplets, making warm water feel cold. Only pur-
chase, quality low-flow heads that fully drain
when off.  These types have high user acceptance.

Water tank. Turning down the hot water temper-
ature below 120oF (49˚C) for conservation may
cause indoor air quality problems by allowing
Legionella to grow inside domestic water tanks.

Contacts
The FEMP Help Desk at (800) DOE-EREC can
provide many publications about energy-efficient
water heating.
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Heat Recovery Systems 3.7.1

Heat recovery is the capture of energy contained in
fluids or gases that would otherwise be lost from a
facility. Heat sources may include heat pumps,
chillers, and steam condensate lines, and even hot
air associated with kitchen and laundry facilities.
Heating water for domestic use offers the best
waste heat recovery opportunities under the fol-
lowing conditions:  (1) hot water demand must be
high enough to justify equipment and maintenance
costs;   and, (2) waste heat must be of high enough
temperature to act as the heat source. 

Action Moment
Large facilities such as hospitals and military bases
often have the perfect mix of waste heat and de-
mand for hot water to justify using waste heat re-
covery systems for water heating.  Consider waste
heat recovery whenever adding or replacing large
heating or air conditioning equipment.  For exam-
ple, double-bundle chillers can easily provide for
the recovery of heat normally lost to a cooling tow-
er.

Technical Information
Opportunities for capturing waste heat depend
upon the temperature of the waste heat source.
Where a water temperature of 60˚C to 82˚C
(140oF to 180oF) is required for domestic applica-
tions, waste heat sources with higher temperatures
should be used. Lower-temperature sources such
as hot kitchen air or drain water may require me-
chanical systems to concentrate the heat.  Other-
wise the waste heat may be used to pre-heat the
water before another fuel is used to elevate the
temperature to the desired level.  

Hot gas heat exchangers.  The refrigera-
tion cycle of air conditioners and heat pumps pro-
vides an opportunity to capture heat for heating do-
mestic water. HVAC compressors concentrate heat
by compressing a gaseous refrigerant.  The result-
ant superheated gas is normally pumped to a con-

denser for heat rejection.  However, a hot gas-to-
water heat exchanger may be placed into the re-
frigerant line between the compressor and con-
denser coils to capture a portion of the rejected
heat.  In this system, water is looped between the
water storage tank and the heat exchanger when
the HVAC system is on. Heat pumps operating in
the heating mode do not have waste heat because
the hot gas is used for space heating.  However, the
heat pump system can still heat water more effi-
ciently compared to electric resistance heating.

Double-bundle condensers. Some
chillers have condensers that make water heating
with waste heat recovery possible.  Double-bundle
condensers contain two sets of water tubes bun-
dled within the condenser shell.  Heat is rejected
from the system by releasing superheated gas into
the shell and removing heat as the refrigerant con-
denses by one of two methods.  During the heating
season, water pumped through the “winter bundle”
absorbs heat where it is used for heating domestic
water or heating the perimeter of the building.
During the cooling season, water pumped through
the “summer bundle” rejects heat to the cooling
tower after hot water needs are met.

Heat recovery captures heat that would other-
wise be lost to the environment.
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Heat from engines. Heat exchangers can
be placed on exhausts of reciprocating engines and
gas turbines to capture heat for water heating or
steam generation. Water jackets may also be
placed on engines in order to capture heat from the
engine and exhaust in series.  Some equipment
also acts as a silencer to replace or supplement
noise reduction equipment needed to meet noise
requirements.  Systems for domestic heating are
unpressurized, but temperatures above 99˚C
(210oF) are possible with pressurized systems.
Designers must be careful that the pressure drop is
less than the back pressure allowed by the engine
manufacturer.

Heat from boiler flues.  Hot flue gases
from boilers can provide a source of waste heat for
a variety of uses.  The most common use is for pre-
heating boiler feed water.  Heat exchangers used in
flues must be constructed to withstand the highly
corrosive nature of cooled flue gases.

Hot drain heat exchangers.  Energy re-
quired to heat domestic water may be reduced by
pre-heating with drain water.  Kitchens and laun-
dries offer the greatest opportunities for this type
of heat recovery since water temperatures are fair-
ly high and schedules are predictable. These sys-
tems must be designed to filter out waste materials
and ensure the heat exchange are not fouled by the
dirty waste water.

Steam condensate heat exchangers.
Buildings with steam systems for space heating or
kitchen facilities may recover some of the heat
contained in hot condensate. Condensate is contin-
uously formed in steam systems when steam loses
heat in the distribution lines or when it performs
work.  A condensate receiver reduces steam to at-
mospheric pressure to allow reintroduction into the
boiler.  A heat exchanger located in the condensate
return before the receiver can capture condensate
heat for heating water. 

Heat pump water heaters.  Rooms con-
taining laundries and food preparation facilities are
often extremely hot and uncomfortable for staff.
Heat from the air can be captured for heating water
by using a dedicated heat pump that mechanically
concentrates the diffuse heat contained in the air.
These systems are discussed in section 3.7. 

Refrigeration equipment. Commercial
refrigerators and freezers may be installed with
condensing units at one location.  This will
enhance the economic feasibility of capturing heat
from hot refrigerant gases for water heating.  

References
Center for the Analysis and Dissemination of
Demonstrated Energy Technologies, “Heat Ex-
changers in Aggressive Environments,” Analysis
Series # 16, 1995.
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Solar Water Heating 3.7.2

Heating water using the sun’s energy is a renew-
able technology that is practical in almost any cli-
mate.  In many parts of the United States, solar
systems can meet the total hot water demand dur-
ing summer months.  In the winter and other times
when collection rates are lower than hot water de-
mand, alternative heat sources supplement solar
heating. 

Action Moment
Solar water heating should be considered to re-
place electric water heating when water demand is
both high enough to justify initial costs and fairly
constant throughout the week. Good candidates
are laundries, hospitals, dormitories, gymnasiums,
prisons, and other regularly-used shower facilities.
Swimming pools are good summer season applica-
tions for solar water heating systems.  

Technical Information
Solar thermal water heating systems come in vari-
ous configurations suited for different climatic
zones and applications.  The two basic components
are collectors, usually mounted on the roof or
ground, and an insulated storage tank.  Active sys-
tems contain mechanical pumps for circulating the
collection fluid which is either plain water, or
water containing antifreeze. Passive systems do
not have pumps. There are three basic configura-
tions:

Passive systems do not use pumps or other
mechanical devices, have relatively inexpensive
maintenance requirements, and can be used in sun
belt areas where freeze protection is a modest con-
cern. Circulation relies on the buoyancy of warm
water rising from the collector to the tank, which is
always located above the collector.  Heat pipes—
sealed tubing systems containing refrigerant— can
also be used for heat transfer from panel to tank.
The storage tank may be located remotely from the
collector (thermosyphon systems) or as part of the
panel (integral collector/storage—ICS).  With ICS
systems, roof structures must be strong enough to

support the weight of water-filled collector tanks.
Direct or “open loop” systems are simple,

very efficient, and suitable for mild and moderate
climates with good water quality. In direct sys-
tems, water ultimately consumed by the end users
is heated directly in the collector. Some systems
make clever use of photovoltaic-(PV) powered
direct-current pumps sized to adjust the flow of
circulating fluid to sunlight conditions. Damage to
collectors is a concern if water is hard or corro-
sive. Also, direct systems must be protected from
freeze damage. Direct Systems are especially
applicable to swimming pool water heating.

Indirect or “closed loop” systems are de-
pendable and suitable for all climates. Indirect sys-
tems circulate nontoxic antifreeze through the
closed “solar loop” consisting of the collector, pip-
ing, and heat exchanger located at the storage tank.
Antifreeze in the collector and exposed piping en-
sures protection from freeze damage, corrosion,
and scaling in the collector.  Like direct systems,
indirect systems may use PV-powered pumps.

Solar water heating is a proven technology that di-
rectly substitutes renewable energy for convention-
al water heating.  This array of parabolic trough col-
lectors was paid for through an Energy Savings
Performance Contract (ESPC).
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Freeze protection strategies should be
provided in all but tropical climates, there are four
basic strategies:

In Drainback Systems, water from collec-
tors and exposed piping drains into a reservoir
whenever the circulating pump is turned off. This
provides reliable freeze protection even when elec-
trical power fails.

Draindown Systems dump water from a
collector onto the ground or into a drain when trig-
gered by near-freezing temperatures.  They also
may be manually drained in case of power failure
during freezing.  Draindown systems historically
have been the least reliable.

Recirculation Systems utilize warm water
from the storage tank to circulate into the collec-
tors during freezing weather. They should be con-
sidered only in mild climates. 

Indirect Systems containing antifreeze are
reliable for use in any climate and are very effec-
tive at avoiding freeze damage.

Collectors for domestic water heating are
available in three basic types:

Flat plate collectors are the most common
and consist of insulated rectangular frames con-
taining fluid-filled tubes mounted on dark-colored
absorber surfaces.  Highly transmissive tempered
glass covers the absorber.  

Evacuated tube collectors utilize a tube-
within-a-tube design similar to a thermos bottle.  A
vacuum between the fluid-filled inner tube and glass
outer tube allows maximum heat gain, minimum
heat loss, and very high temperature potential.

Parabolic-trough collectors are efficient
but can be expensive. Their most cost-effective use
is in large systems such as those found in prisons
where their cost is less than the cost of flat plate
collectors. Long, parabolic-shaped mirrors track
the sun and focus its light onto centrally located
fluid-filled tubes. Because the sunlight is focused,

diffuse light cannot be used, making this a poor
choice for humid climates.  

Solar systems should be tested and certi-
fied by independent groups such as the Solar Rat-
ing and Certification Corporation (SRCC) or the
Florida Solar Energy Center (FSEC).

Colder climatic zones require the use of more col-
lector area and the use of indirect systems having
superior freeze-protection capabilities.

Removing trees to accommodate sunlight ac-
cess for solar collectors may be a net energy loser
if there is substantially more heat gain though ex-
posed windows when air conditioning.  

At times of the year when collectors harvest
sunlight very efficiently, water temperatures may
be above 60˚C (140˚F).  Ensure that mixing valves
are installed to keep users from being scalded.

On direct systems, collectors may require peri-
odic treatment with a nontoxic solution, such as
diluted vinegar, to remove scaling buildup that in-
hibits heat transfer and efficiency.

The economics of installing solar water
heating depend on the cost of alternative fuels such
as electricity. Hot water demand, patterns of usage,
and availability of solar energy are also key con-
siderations.  Retrofitting solar water heating into
existing buildings is complicated by the need to
provide access for running pipes and space in me-
chanical rooms for larger storage tanks.  Solar wa-
ter heaters can provide 40% to 80% of the annual
hot water needs.

References
Department of Energy, Federal Energy Manage-
ment Program, “Solar Water Heating,” Federal
Technology Alert, Washington, DC, Sept. 1995.

Contacts
The FEMP Help Desk at (800) DOE-EREC or at
http://eren.doe.gov/femp can provide technical as-
sistance and information about financing via Ener-
gy Savings Performance Contracting.
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Energy Management and Controls 3.8

Appropriate control systems allow facility manag-
ers to automate functions that would be impracti-
cal or impossible to control manually. Automatic
systems are useful with lighting, air distribution
systems, chillers, boilers, heat pumps, pumping
systems, compressed air systems, water heating,
and other major energy-consuming equipment.
Controls may be simple and inexpensive, or com-
plex and costly. Simple controls, including time
clocks, occupancy sensors, photocells, and pro-
grammable thermostats are discussed in this sec-
tion. More sophisticated computer-based energy
management systems (EMS), that monitor hun-
dreds or thousands of “points” throughout a facili-
ty, are discussed in section 3.8.1. Some control
systems designed to reduce peak electrical de-
mand and lower utility bills are presented in sec-
tion 3.8.2.

Action Moment
Facility managers should consider automatic con-
trols and sensing technology when equipment can
be turned on, shut off, or modulated based on
schedules, temperatures, pressures, light levels, or
the presence of occupants. HVAC and lighting are
prime candidates for automatic controls.

Technical Information
The following is general information about some
of the common controls available to help reduce
energy consumption. 

Time clocks are electrical or electromechan-
ical devices that can turn equipment on and off ac-
cording to a schedule. Small loads can be switched
directly and large loads can be controlled indirect-
ly through the use of relays. Many time clocks are
24-hour devices that repeat programs every day.
Some have weekly and even annual wheels that al-
low more complex programming patterns. Al-
though it will minimize wiring costs, locating time
clocks near the circuits they control is not neces-
sary.

Occupancy sensors detect the presence of
people by sensing heat (infrared), motion (ultra-
sonic), or sound. Some systems directly control
small lighting loads at line voltage and directly re-
place wall switches. Others are part of systems that
may include several sensors, control logic, and in-
terface to the load. These types of sensors are dis-
cussed in section 3.4.4 of this guide. Facilities with
EMSs may use occupancy sensors to control lights
and HVAC operations that have complex program-
ming involving many functions.

Programmable electronic thermostats al-
low facility managers to reset heating and cooling
setpoints for different operating modes. Daytime,
nighttime, and weekends typically have different
target temperatures in order to allow the building
temperature to drift appropriately when unoccu-
pied.

Spring-wound timers are simple devices
that automatically turn off loads after a predeter-
mined number of minutes or hours. They can be
used to control bathroom exhaust fans allowing
them to remove moist air after showering, and
preventing continuous operation.

Photocells are devices that open and close
switches in response to light levels. Some photo-
cells are not very sensitive to low light at dusk and
dawn. They may switch lights on in the evening
before they are needed. This wastes energy, and in
some cases, demand charges will also be higher.

Power outages disrupt schedules of elec-
tromechanical time clocks because the time set-
ting is lost. Daylight savings time shifts also re-
quire resetting the time. Consider solid-state time
clocks with rechargeable batteries.

Standard time clocks usually do a poor job of
controlling exterior lights because they lose the
current time when time changes or power fails.
Simple time clocks do not account for daily chang-
es in sunset and sunrise.
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EMS systems can be prone to problems with
electrical power quality, particularly during power
outages.

To avoid injury, signs indicating the control
mechanism and disconnect switches should be
placed near equipment under automatic control.

When purchasing programmable ther-
mostats made for use with heat pumps, ensure
they have “ramped recovery” features for heating.
Ramped recovery slowly brings the building up to
the target temperature without engaging the sup-
plementary electric strip heating.

Facility managers should document all the au-
tomatic controls in their facilities. They should
record: the locations of the controls; the equipment
they control; and the need for resetting the time or
program as seasons change, as time changes for
daylight savings, or after power outages.

Electrically combining time clocks and photo-
cells may provide a good way to program the
needed exterior lighting logic, such as “on at sun-
set, off at 10:00 P.M.” Facilities with EMSs should
be able to implement this type of software logic.
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Energy Management Systems 3.8.1

Energy management systems (EMSs) improve ef-
ficiency by monitoring conditions and controlling
energy-consuming equipment. An EMS is typical-
ly applied to the largest electrical loads, including
HVAC equipment, cooling towers, pumps, water
heaters and lighting. Control functions may in-
clude basic stop/start functions or more complex
chiller optimization routines. An EMS can be used
on new or existing facilities and can interface with
existing controls, such as pneumatic damper actu-
ators. EMSs typically reduce the cost of doing
business by reducing labor costs. EMSs can have
very favorable paybacks, especially where existing
control systems are lacking or have problems. By
tracking system operation using an EMS, a facility
manager can perform diagnostics and optimize
system performance.

Action Moment
Facility managers should consider installing an
EMS system in any facility expansion. EMS retro-
fits are often justified in existing buildings, and can
involve improving chiller or boiler controls, add-
ing economizer cycles, controlling lighting loads,
and limiting electrical demand. An EMS can be
particularly reliable for very large or widely dis-
persed facilities.

Technical Information
An EMS can perform various functions, from sim-
ple single-point control to multifunction systems
with complex decision logic. Fully functional
EMSs  provide the greatest potential for maximum
energy and cost savings.

Hardware varies in complexity. Simple
systems include actuators that switch or change
loads according to signals from local controllers
that contain control logic. More sophisticated sys-
tems add sensors or monitoring points, field ter-
mination panels for minimizing control wiring,
modems, communication links, and central com-
puters. Software often includes user interfaces

that graphically depict equipment, sensors, and
controls. 

Distributed or networked systems com-
bine the reliability of local controllers with the ad-
vantages of facility-wide monitoring. Centralized
control provides facility engineers an immediate
interface with remote equipment, and allows quick
diagnosis of problems and quick response to com-
plaints.

Functional Capabilities
Many scheduling, optimizing, and reporting func-
tions are available on EMSs:

Start/stop controls will limit operating
hours of equipment according to predetermined
schedules.

Optimum start/stop controls delay bring-
ing equipment on-line until the latest possible
time. This is particularly useful in limiting HVAC
operation. 

Energy Management and Control Systems can
monitor and control equipment throughout a facility
from a single location.
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Temperature setback/setup saves energy
by allowing building conditions to drift within lim-
its during unoccupied periods.

Economizer controls turn off chillers during
mild weather and allow outside air to provide
space conditioning.

Enthalpy control provides more sophisti-
cated economizer control that is based on both
temperature and humidity.

Supply temperature reset modulates circu-
lating water temperature based on load sensors
and program logic.

Boiler optimization balances fuel and com-
bustion air with heating load variations. 

Duty cycling can help reduce utility peak
demand charges by turning off equipment a prede-
termined percentage of the time.

Demand limiters shed nonessential equip-
ment such as water heaters to reduce peak power
demand to a preset level. 

Alarm functions alert operators to condi-
tions outside pre-established ranges.

Monitoring provides the capability to track:
(1) equipment run-time and other parameters for
proactive maintenance; and, (2) energy use for cost
containment.

Load management controls stage the start-
up of large equipment to avoid power peaks. 

Train key employees to use the EMS
once it is installed.

Have a qualified engineering firm design speci-
fications before bidding any EMS. 

Require the vendor to fully demonstrate the
system and all software before delivery. Video-
tape the demonstration and training for use during
refresher training.

Design expansions of EMSs to utilize a single
user interface system in order to avoid confusing
the operators.

New EMS systems will not necessarily
interface properly with existing controllers and
other components intended to remain in place.

Be careful with “custom built” systems. Pur-
chase proven systems and software with a good
track record. Request systems with open protocols
to improve compatibility with future systems.

Reliance solely on the EMS console can lead to
misdiagnosis. For example, a temperature alarm
would prompt the operator to check position of the
VAV damper for that zone. If the sensor indicated
that the damper was full open and yet the zone was
too hot, the operator might reset the chilled water
temperature. However, the combination of a stuck
damper (cutting off airflow) and a loose damper
shaft (allowing the control system to believe the
damper is operating normally) might be the real
problem. This situation could easily fool both the
control system and the operator.

Use in-house staff for day-to-day service re-
quirements, provided staff is adequate and well
trained. Service contracts can be very expensive
and should be used only when absolutely neces-
sary. 

Sensors should be checked and calibrated on a
regular maintenance schedule. Failed sensors and
false readings can waste considerable energy.

References
Electric Power Research Institute, “Energy Man-
agement Systems,” (Technical Brief
TB.EMU.121.4.87), Palo Alto, CA (510) 934-
4212
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Peak Shaving 3.8.2

Utility bills for large facilities include demand
charges that can amount to one-third of monthly
electricity costs. Demand is measured in kilowatts
and is the average electrical load over a small pe-
riod of time, usually 15 or 30 minutes. Facilities
are billed for the largest peak demand during the
billing period. Electrical demand peaks can be
lowered in several ways: shedding unneeded
loads, rescheduling loads, staging equipment start-
up, generating power on site, or switching to an-
other fuel. 

Action Moment
Facilities with low load factors or steep load-dura-
tion curves are the best candidates for cost-effec-
tive peak shedding. Facilities already using energy
management systems (EMSs) may have most of
the hardware and software needed to institute a
load shedding program.

Technical Information
Utility tariffs usually encourage demand control
and load shifting. Facility managers should under-
stand how their facilities are charged for power
and energy. Three elements to examine are as fol-
lows:

Demand charges are based on the highest
monthly power peak, measured in kilowatts (kW).
All but the smallest facilities will be billed for de-
mand. This charge reflects the electric utility’s in-
frastructure cost of power generation and transmis-
sion and the more expensive fuels used in peaking
units. Summer-peaking utilities tend to have high-
er summer demand changes, and winter-peaking
utilities have higher demand charges during winter
months.

“Demand ratchets” are minimum demand
bills based on some percentage of the highest peak
power metered over the preceding year. Thus, one
month’s high demand can impact monthly charges
for an entire year. 

Time-of-Use (TOU) tariffs offer discounted
rates for power used at times the utility establishes

as off-peak. The difference in energy charges
(kWh) between on-peak and off-peak power can
be a factor of two to four.

Demand shedding or peak shaving strat-
egies include: purchasing smaller, efficient equip-
ment; altering the on-times of existing equipment;
switching fuels at peak times; and generating pow-
er on-site. Some popular strategies are listed
below:

Duty cycling strategies attempt to limit the
operation of equipment to certain times within a
utility’s demand period. Duty cycling has limited
application because of stresses on frequently cy-
cled equipment, and the effect on the building or
its systems. For instance, duty cycling of cooling
tower motors would allow the chilled water tem-
perature to rise. Cycling a ventilation fan might
compromise indoor air quality or adversely affect
building pressures.

Demand limiters shed loads in a pre-estab-
lished order when demand targets are about to be
exceeded. There are two main algorithms used:
simple, and predictive or slope-sensitive. Simple
demand limiters can result in undesirably high
load-shedding frequencies and cannot control
demand closely.

Thermal storage on HVAC systems is effective at
cutting peak electrical demand.
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cal loads recorded for each hour of the year. Data
may be available from the electrical utility or from
the facility’s energy management system.

With the use of dimmable lighting ballasts, both
lighting and subsequent chiller loads can be re-
duced. Allowing the HVAC to drift slightly is an-
other effective strategy. According to ASHRAE,
one-hour excursions out of the standard comfort
envelope will be unnoticeable to most occupants. 

Track load factors each month to check
the utility’s demand charges. The formula to calcu-
late load factor (LF) is shown below. Load factors
greater than 100% are impossible and indicate me-
tering or billing problems. Load factors that sud-
denly deviate from historical values also indicate
problems. If problems are found, recheck the bill-
ing information and contact the utility.

If the facility has a high minimum-demand bill-
ing, check if the utility has a “ratchet release” pro-
vision to reset the minimum demand to a lower
level based on measures implemented by the facil-
ity.

Generators can be used to keep equipment
operating while off grid. If the same generators
provide emergency backup power, precautions
must be taken to ensure emergency power avail-
ability even during peak periods. If critical loads
also contribute to facility peaks, consider shifting
these loads to generator power during peak peri-
ods.

Dual-fuel heating and cooling equipment
can provide nonelectric means of meeting space-
conditioning needs during times when using elec-
tricity would be expensive. For example, hybrid
cooling systems, fueled by either natural gas or
electricity, can dramatically lower electricity de-
mand by using natural gas at peak hours.

Battery storage may not yet be cost-effec-
tive for peak reduction in most situations unless
batteries are in place for other purposes. One ex-
ample of where battery storage may make sense is
for off-peak charging of forklifts used during day-
light hours.

Thermal storage involves storing thermal
capacity generated off-peak for on-peak use. Dur-
ing the peak periods of the day, circulating water is
cooled by ice baths or chilled water tanks instead
of chillers to provide space or process cooling.
Heat storage is not as common as ice storage
because of the extra volumes needed to store ther-
mal energy without phase changes.

Dispatchable load shedding is a direct
load-control technique, where the utility controls
when a customer’s equipment is shed under a pre-
arranged agreement. Such arrangements can bene-
fit both parties and justify on-site generation or al-
ternative fuels.

Cogeneration of electricity and steam from
gas turbines may be cost-effective for large facili-
ties. 

Facilities with steep load-duration
curves are well suited for application of peak-
shaving technologies. Load-duration curves, such
as the one shown, are generated by sorting electri-

High Loads, occurring only a small percentage of the
time, can lead to very large demand charges.

Monthly kWh

Monthly peak kW x 24 x # days in billing period
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Building Shell 3.9
The building shell can be considered the primary
component of any facility since it is the protective
skin that allows both a controlled environment and
protection for the building occupants. Consisting
of the building’s skin, roof, windows, and doors,
the shell controls the flow of energy between the
interior and exterior of the building. Facility man-
agers have limited ability to change most of these
components on a routine basis. However windows
and insulation are two factors that can be readily
upgraded as a strategy in routine building im-
provements. Reducing outside air infiltration into
the building by improving building tightness
should be one of the strategies used to conserve en-
ergy.

Action Moment
When reroofing or renovating spaces, be sure to
determine if there is an opportunity to upgrade
windows, doors, or insulation. Reducing infiltra-
tion may be possible during routine maintenance
or when remodeling occurs.

Windows

Glazing systems present an excellent op-
portunity for energy savings. The strategy will
vary greatly as a function of the location of the fa-
cility. In hot climates, the primary strategy is to
control thermal radiation by keeping solar energy
from entering the interior space while allowing
visible light through for daylighting. Solar screens
that intercept solar radiation, or films that prevent
infrared transmission while allowing good visibil-
ity, are useful for hot climates.

In colder climates, the focus shifts from
keeping solar energy from entering the space to re-
ducing the interior conduction of energy from the
warm  to a very cold exterior. Windows with two
or three glazing layers that utilize low-emissivity
coatings will minimize conductive energy trans-
mission. Filling the spaces between the glazing
layers with an inert low-conductivity gas, such as
argon, will further reduce heat flow.

Fenestration can be a source of discomfort
when solar gain and glare impact at the work sta-
tion or other occupant zones. Daylighting benefits
will be negated if other factors force occupants to
use blinds, for example, to control unpleasant im-
pacts.

Facility managers should choose appro-
priate window technology that is cost-effective
for the climatic conditions. For example, double-
glazing may be inappropriate in South Florida
where solar films are the technology of choice.
However, double-glazing is cost effective for the
middle and northern latitudes of the United States. 

In cold climates make sure that the frame is
designed to prevent condensation. Both the frame
and sash should have thermal breaks.

Properly placed automatic doors and vestibules
can reduce unwanted air leakage in buildings.
Ensure the outdoor areas where people congre-
gate, such as smoking areas, are not within elec-
tronic "view" of the automatic controls. 
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Walls and Roofs
For buildings with a primary cooling load, ex-
terior finishes that have high reflectiveness and
wall-shading devices reduce the solar radiation
load, and consequently the HVAC load. Reflective
finishes for the roof will help reduce loads because
the roof is exposed to sun loads for the entire oper-
ating day. Metal, concrete tile, concrete shingle,
aluminum shingles, and single-ply roofing systems
are all available in reflective colors at no addition-
al cost.

Wall shading can significantly reduce ther-
mal loads on the envelope through roof overhangs,
sun shades, or a canopy of mature trees.

Light-colored roofs have a beneficial ef-
fect in areas where cooling is the predominant air-
conditioning requirement.

In new construction, a well-designed
building envelope can significantly reduce the
need for space conditioning, resulting in both ini-
tial and operating cost savings for the HVAC sys-

tems.

Insulation

Insulation for most commercial buildings
is difficult to upgrade without expensive building
modifications. Exterior finish insulation systems
(EFISs) (insulation and exterior finish) can be add-
ed externally to some buildings to both increase
the thermal resistance of the building shell and to
improve the building’s appearance.

In cooling latitudes, the addition of insula-
tion has positive impacts on air conditioning to a
point, and diminishing returns thereafter. Roofs
and attics should receive priority attention for the
addition of insulation, particularly during roof re-
placement.

Insulation is a guideline item under
RCRA §6002 and should be purchased with recy-
cled content.
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Windows 3.9.1

Windows allow for daylight, winter solar gain, nat-
ural ventilation, and views. Glazing units are often
the weakest point in the building envelope, ther-
mally as well as acoustically. Types of glazing in-
clude clear, tinted, reflective, spectrally-selective,
low-emissivity (low-e), Heat Mirror ®, elec-
trochro-mic, photochromic, thermochromic, pho-
tovoltaic, and transparent insulating. Window units
with air, gases, and films within multiple panes are
also available. Glazing units can be vertical,
sloped, roof monitors, and skylights. High quality
windows provide important comfort benefits in
addition to energy savings.

Action Moment
Renovations afford opportunities for replacing
older, clear, and single-glazed windows. A window
retrofit always can be considered independently of
other building changes. Improving the energy effi-
ciency of windows without replacing the window
units can be done at any time by adding shading
devices and storm windows on the exterior, or by
adding window treatments such as shades, shut-
ters, window films, and drapes on the interior.

Technical Information
A window is defined by its solar heat gain coeffi-
cient (SHGC), U-value, air-leakage rate, visible
light transmittance, and materials of construction.
The materials and quality of construction will de-
termine its environmental impact, maintenance,
durability, and ability to be disassembled for reuse
or recycling at the end of its life.

Issues to be considered in the selection of
windows involve the glazing system, the framing
system materials, window operation, the joints be-
tween the glazing unit and window frame and be-
tween window frame and wall. Windows allow

heat movement through conduction across the
glazing and the frame, infiltration and exfiltration
at the frame gaps and between the frame and wall,
and solar radiation through the glazing. Window
thermal performance should be compared by using
the whole-window U-value. This includes the
glazing, the frame, and any insulating glass spac-
ers in multiple-glazing units. The lower the U-val-
ue (Btu / hr x ft2 x 0F), the better the performance.
The U-value of single clear glazing is 1.1, or an R-
value of 0.9.

Multiple glazing makes use of the insula-
tion created by a gas-filled gap between the
panes, which reduces conductive heat loss or gain.
Typical gases are air, sulfur hexafluoride, carbon
dioxide, argon, krypton, and xenon. These gases
have lower thermal conductivity, thereby creating
lower U-values within a smaller gap.

Spectrally selective glazings should be
considered for windows in climates where solar
gain in the summer creates large cooling loads, and
where daylight also is preferred. These glazings
have chemical coatings that allow specific portions
of the energy spectrum to be transmitted.

In renovations—particularly of historic
buildings— aluminum, metal and vinyl panning
and receptor systems provide a weathertight, fin-
ished covering for placement over existing wood
frames. This simplifies installation of new units
and eliminates the removal of old frames.

Wood frames may be a better material
from an environmental standpoint. However, they
have greater life-cycle costs because of their short-
er life, and higher maintenance costs compared to
metal and plastic windows. The emphasis when se-
lecting frame materials should be on thermal per-
formance and maintenance, rather than the initial
environmental impact of the material. 
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Select windows for the best combination of
solar heat gain prevention, low SHGC (SHGC <
0.4) and high visible light transmittance (Vt > 0.6)
for exposures other than south. An excellent choice
for the combination of reducing solar gain and
maximizing daylight gain is the use of double-
glazed air-filled clear glass, with or without low-e
coating, and external shading devices.

The best methods for increasing the
acoustical performance of windows are to ensure
that windows are airtight, and to increase the thick-
ness of the glass. Increasing the thickness of a sin-
gle pane from 12 mm to 25 mm will increase
sound reduction by 10 decibels.

The use of many types of inert gases, air,
and carbon dioxide in multiple-glazing units must
be considered in the context of the environmental
costs of producing these windows and the net ben-
efit received from reduction of energy use. Air fill
in a double-glazed window with a single low-e
coating requires no energy for extraction, and can
provide a greater net reduction of CO2 production
over the 20-year life of the window than the use of
argon, krypton, or xenon.

The choice of either fixed glazing units or
operable units should always be based on site-
specific and climate-specific opportunities and
constraints. Casement, pivoting, and awning win-
dows offer the greatest opening area for natural
ventilation and utilize compression seals that pro-
vide the best method of sealing the joint between
sash and frame. Fixed windows provide the best
thermal performance because of fixed seals, and
can be designed to satisfy acoustical and security
concerns as well.

Glazing that insulates poorly and highly
conductive frames will have a colder interior sur-
face than the inside of exterior wall surfaces in
wintertime. Warmer, humid, interior air can con-
dense on the inside of the glass and frames. This
damages window frames, sills, wallboard, paint,
and wallcoverings. A more thermally efficient win-
dow and a nonconductive frame with thermal
breaks is less likely to cause condensation. Avoid
metal frames that lack thermal breaks. 

Facility managers should be aware of the advan-
tages and disadvantages of using custom or stock
windows for replacements. While custom win-
dows will have a greater unit cost, they do not
require additional adaptation devices and labor to
modify the window unit or the framed opening that
stock windows can require. The most economical
materials for custom windows are aluminum,
vinyl, fiberglass, and steel.

References 
Arasten, D., “Advances in Window Technology,”
Lawrence Berkeley National Laboratory, Report
36891, February 1996.

Carmody, J., S. Selcowitz, and L. Heshong, Resi-
dential Windows, W.M. Norton and Co., 1996.

Contacts
The FEMP Help Desk at (800) DOE-EREC can
provide window evaluation software developed by
Lawrence Berkeley National Laboratory.

The National Fenestration Rating Council (NFRC)
(301) 589-NFRC or at http://eande.lbl.gov/
BTP/NFRC can provide information on the win-
dow rating labels that they developed.
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Insulation 3.9.2

Insulation provides resistance to the conductive
flow of heat from either the exterior to the interior,
or vice versa. The thermal resistance is measured
in R-value: (ft2 x hr x ˚F)/Btu. The primary forms
of building envelope insulation are loose fill, batt,
rigid board, and foamed-in-place. Insulation, to-
gether with moisture barriers and vapor barriers,
provides the means to control the passage of sensi-
ble and latent heat and prevent condensation at the
building envelope. Because insulation represents a
small portion of building costs and has a major im-
pact on operating cost, it offers one of the most
economical and effective measures a facility man-
agers can take to reduce the environmental impacts
of their buildings.

Action Moment
The ability to make improvements in insulation is
highly dependent upon the type of insulation used
and its location in the building envelope. Improve-
ments to cavity insulation will be disruptive to
building operations and require blown-in or
foamed-in-place insulation. Methods such as  exte-
rior insulation and finish systems (EIFSs) can be
used over existing exterior wall finishes indepen-
dently of  other changes. Exterior built-up roof
insulation can be removed and reapplied in con-
junction with reroofing on low-slope roofs.
Gasketing and caulking are an integral part of in-
sulating envelopes for energy efficiency and can
be done independently, or in conjunction with in-
sulation upgrades.  Insulation must be purchased
with recycled content according to RCRA §6002.
Re-roofing and renovation are good opportunities
to consider insulation upgrades.

Technical Issues

Critical selection issues for insulation are
high R-value over time, minimal environmental
impacts in their manufacture, long life, minimal
replacement and landfill waste—including waste
generated during installation—and minimal health

hazards to producers, installers and building occu-
pants.

Two of the most critical environmental
impacts of insulation are the use of CFCs for
blowing agents, and the health concerns generated
by fibrous materials such as asbestos and fiber-
glass. 

When specifying insulation, a facility man-
ager can ascertain the blowing agents that are used
for board and foam insulation and look for alterna-
tive blowing agents such as steam, carbon dioxide,
and pentane.

Moisture in the exterior wall cavity occurs
when water is trapped in the wall cavity by imper-
meable surfaces and by condensation if the dew
point temperature occurs at the exterior side of the
wallboard. Eliminating moisture barriers and plac-
ing additional rigid insulation behind the interior
wallboard of a stud wall will allow moisture to per-
meate from the wall cavity and reduce the temper-
ature extremes between the warm back-side of the
interior wallboard and the wall cavity.

Vapor barriers go on the "warm side" of
building insulation. This means that in climates
where cooling predominates, vapor barriers go on
the outside of insulation. In climates where heating
predominates, vapor barriers go on the inside of
the insulation. Vapor barriers should be used in-
stead of moisture barriers in warm-humid climates
to prevent moisture buildup at the wall cavity. In
warm climates, beware of interior wall treatments
that act as vapor barriers.

Choose insulation based on its life-span.
This solves several issues at the same time:mini-
mal maintenance and replacement, avoidance of
landfill waste, more efficient use of nonrenewable
resources, and higher return on investments over
the life of the building. The insulation selected
should have a minimum service life of 30 to50
years.
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There are many choices for insulation ma-
terials with excellent R-values and low environ-
mental impact. Some of these include cellulose in-
sulation made from recycled paper and boric acid,
cotton insulation made from textile mill waste, and
cementitious, isocyanurate, and urethane foamed-
in-place insulation. 

Encapsulated fiberglass batt insulation is
available as a substitute for typical batt blankets in
order to contain the dispersal of fiberglass fibers in
installation. Fiberglass is also available without
formaldehyde as a binder in limited parts of the
country.

Consider the insulation that best suits the
cavity type and ease of access. Foamed-in-place
and blown insulations will best suit renovations
where interior sheathing is to remain as undam-
aged as possible.

The economic return on greater insula-
tion thickness does not follow a linear relation-
ship between savings and increased thickness. Fa-
cility managers should be aware of diminishing re-
turns depending on the geographic location of the
facility and the limitations of the type of insulation.

Settling, dust, and moisture accumulation re-
duce the R-value of  loose fill and batt insula-
tion, especially in vertical wall cavities. Appropri-
ate installation with spacers or foamed-in-place in-
sulation in cavity walls can avoid this problem.

Be aware of the potential health hazards
associated with fibrous insulation. Asbestos is a
proven carcinogen and is prohibited in all build-
ings. The debate on the hazards of fiberglass and
mineral wool is ongoing. Caution suggests that ex-
isting asbestos, fiberglass, and mineral wool insu-
lation should be left in place and encapsulated with
the addition of insulation, when conditions permit.
When removal is required, all relevant regulations
and methods for removal, transportation and dis-
posal should be followed.

Thermal bypasses in the building can significant-
ly reduce insulation effectiveness.  Thermal inter-
faces and gaps need to be sealed.

The Audubon Society’s Audubon House
in New York is a renovation of an existing build-
ing. Cementitious foamed-in-place insulation was
used to fill cavity walls and increase the airtight-
ness of the envelope, as well as to ensure excellent
indoor environmental quality.
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Passive Solar Design 3.9.3

Passive solar design measures minimize use of
mechanical systems and nonrenewable fuels.
Passive solar design is a design approach that takes
maximum advantage of nature and integrates
building components—walls, windows, materials,
lighting, mechanical systems—to reduce energy
costs and fuel use. Passive solar strategies include
daylighting; energy-efficient glazing; proper build-
ing form and orientation to the sun; natural cooling
using ventilation and shading for most larger non-
residential buildings; and passive solar heating of
smaller buildings (less than 20,000 sq. ft.) in cold
climates. The passive features are designed to inte-
grate and interact optimally with the building en-
velope, HVAC, and lighting systems.

Action Moment
Any renovation or addition to a building envelope
offers opportunities for integration of passive
methods. The best time to incorporate passive so-
lar is early in the design process, or when the addi-
tion or building is first conceived. Ideally, an ener-
gy budget is included in the building design speci-
fications, and the Requests for Proposal require the
design team to demonstrate their commitment to
whole building performance and their ability to re-
spond to the energy targets. The commitment is
emphasized during programming and throughout
the design and construction process. 

For retrofit projects, consider daylighting strate-
gies, such as making atriums out of courtyards, or
adding clerestories; heat control techniques such
as adding exterior shades; and redoing HVAC sys-
tems and lighting systems, perhaps down-sizing if
the passive strategies reduce energy loads suffi-
ciently. 

Many buildings in the Federal inventory have pas-
sive features because they were built before mod-
ern lighting and HVAC technologies were avail-
able.  When renovating older buildings, determine
whether passive features that have been disabled
can be revitalized.

Technical Information

Highlight passive solar as a project goal.
Many agencies, including the GSA and the DOD ,
already have agency document language encour-
aging the use of passive solar design and renew-
ables in all new construction and major renovation
wherever feasible. An example of a good general
project goal is “to produce a beautiful, sustainable,
cost-effective building that meets its program,
enhances productivity, and consumes as little non-
renewable energy as possible through the use of
passive solar design, energy efficiency, and the use
of other renewable resources.”

Incorporating energy performance
goals into the programming documents conveys
the seriousness of energy consumption and the use
of passive solar as a design issue. For small offic-
es, warehouses, and other smaller (10,000 sq ft or
less) projects, facility managers or their contrac-
tors can develop energy budgets themselves easily
using energy software such as ENERGY-10. For
larger multi-zone projects (for example, laborato-
ries or high-rise office buildings), national average

This passive solar building incorporates trombe
walls, daylighting, and awnings.
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energy consumption data by building type can be
cited as targets to be exceeded, or more complex
analyses can be run by consultants.

Thirty percent to fifty percent energy
cost reductions below national averages are
economically realistic in new office design if an
optimum mix of energy conservation and passive
solar design strategies is applied to the building de-
sign. Annual savings of $0.45 to $0.75 per sq ft are
a reasonable estimate of maximum possible cost
savings.

Passive solar design considers the syner-
gy among all the building systems. For example:

• Can natural light reduce the need for electric
light?

• If less electric light creates less heat, will there
be a lower cooling load?

• If the cooling load is lower, can the fans be
smaller?

• Will natural ventilation allow these fans to be
turned off at times?

Don’t look for generic design solutions or
rules-of-thumb because there are so many possi-
ble combinations and system interactions. Some of
the variables involved include: climate (sun, wind,
air temperature, and humidity); building orienta-
tion (glazing and room layout); building use type
(occupancy schedules and use profiles); lighting
and daylighting (electric and natural light sources);
building envelope (geometry, insulation, fenestra-
tion, air leakage, ventilation, shading, thermal
mass, color); internal heat gains (from lighting,
office equipment, machinery, and people); HVAC
(plant, systems and controls); and energy price
(fuel source, demand charges, conversion efficien-
cy).

The integrated interaction of at least 16
energy-efficient strategies are considered in pas-
sive solar design. They are: daylighting; glazing;
shading; energy-efficient lighting; lighting con-
trols; insulation; air-leakage control; thermal mass;

passive solar heating; natural ventilation; econo-
mizer cycle; exhaust air heat recovery; high-effi-
ciency HVAC; HVAC controls; evaporative cool-
ing; and solar water heating. 

Passive solar design is an integrated
design approach that optimizes total building per-
formance rather than a single building system.
This is the key to “green building” design.

Buildings designed using passive design
technologies are generally more comfortable for
the occupants, resulting in productivity benefits
that are great relative to the building cost.

Cost analysis is conducted at the same time as
technical analysis in a passive solar design in
order to optimize investments for maximum ener-
gy cost savings. 

References
Olgyay, Victor, Design with Climate: Bioclimatic
Approach to Architectural Regionalism, Princeton
University Press, Princeton, NJ, 1963.

Watson, Donald, Climatic Design: Energy-
Efficient Building Principles and Practices,
McGraw-Hill,  New York, NY, 1983.

Contacts
FEMP offers a course on passive solar design, De-
signing Low Energy Buildings. Call (800) DOE-
EREC for course information.

Passive Solar Industries Council (PSIC), 1511 K
St. NW, Suite 600, Washington, DC 20005 (202)
628-7400 or at http://www.psic.org  has developed
a software package called “ENERGY-10” to eval-
uate passive measures in smaller industrial build-
ings.
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Renewable and Alternative Energy Systems 3.10

As the rate of fossil fuel resource depletion accel-
erates due to pressures from emerging economies
worldwide, prices are likely to rise. Conversely,
technology and manufacturing advances have
brought the cost of renewable energy use, such as
solar and wind, down significantly. In the near fu-
ture, power generated from renewable resources
and by alternative methods of power generation
will have significant cost advantages over conven-
tional hydrocarbon systems. In the near term, there
are niche applications, such as remote photovolta-
ics and solar swimming pool heating where renew-
ables have a definite cost advantage. Because they
are pollution-free, renewables have huge advan-
tages when environmental impacts are considered.
Wind power has already broken through the cost
barrier that historically prevented the large-scale
introduction of sustainable energy systems. Over
3,500 MW of wind energy generating capacity
have been installed worldwide. Photovoltaics and
fuel cells also are beginning to emerge as strong
competitors for conventional power systems, with
over 500 MW installed worldwide.

Action Moment
When adding power generation capacity for a site
or large facility, be sure to investigate the potential
for renewable and alternative energy systems. In
addition to their low environmental impacts, they
will become more cost advantageous each year as
the costs of conventional fuels rise. On-site power
generation from renewable energy resources pro-
vides the added potential of reducing peak power
demand with significant savings per peak kWh.
Life-cycle costing comparisons between renew-
able energy systems and conventional power gen-
eration should include forecasted demand reduc-
tion as a cost component in favor of renewable en-
ergy. 

Technical Information

Photovoltaic power systems are rapidly be-
coming competitive with conventional power sys-
tems, especially where the cost of infrastructure to

deliver power to a site is relatively high.  Photovol-
taics should be given serious consideration for iso-
lated or remote applications and structures because
of the high cost of power line installation. Photo-
voltaics are competitive with diesel or propane
generators. Hybrid photovoltaic/generator systems
combine the low operating cost of photovoltaic
with the availability of generator power. Addition-
al information on photovoltaic technology is pro-
vided in section 3.10.1.

Wind energy systems, covered in section
3.10.2, can generate electrical power more cheap-
ly than fossil fuel systems, with rates as low as
$0.039/kWh. The wide range of mechanical and
electrical components required for wind power
generation creates demand for many sophisticated
components, thereby keeping expenditures for en-
ergy in the domestic economy. Because winds on
the order of 13 miles per hour average are re-
quired, not every region is suitable for economical-
ly generating energy from  wind. Wind turbines
may not be suitable in populated areas, and local
topography can either accentuate or attenuate wind
patterns. However, much of the United States and
many overseas lo-cations are excellent places for
wind energy systems, and their many advantages
warrant their serious consideration.

This solar-hydrogen fuel cell at the Telonicher Marine
Lab in Trinidad, California, serves as a research and
demonstration project.
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Fuel cells are electrochemical engines that
convert the chemical energy of a fuel and an oxi-
dant directly into electricity.  The principal compo-
nents are catalytically activated electrodes for the
fuel (anode) and the oxidant (cathode) and an elec-
trolyte to conduct ions between the two electrodes.
Because the operating conditions of the fuel cell
are largely determined by the electrolyte type, fuel
cells are classified by the type of electrolyte.   They
have high power generation efficiency, and per-
haps most importantly, they pave the way for the
transition to what many consider to be the replace-
ment for hydrocarbon fuels: hydrogen.  DOE has
several active programs that can assist the facility
manager in acquiring fuel cells for their location.
Section 3.10.3 contains information and points of
contact for these programs.

Federal Renewable Energy Screening As-
sistant (FRESA) is a software tool used to identi-
fy retrofit opportunities that are most likely to use
renewable energy cost-effectively.  This allows us-
ers to better focus on analytical resources.  FRESA
screens for 15 renewable energy, conservation, and
power generation options, including active solar
heating and cooling, solar water heating, daylight-
ing, solar thermal electric, wind, small hydro, elec-
tricity from biomass and waste, and load avoid-
ance by building envelope improvements.  The re-
ports FRESA generates are consistent with the
DOE/FEMP SAVEnergyAudit format.

When performing a life-cycle costing of renewable
or alternative energy systems, forecasting fuel
price changes over a system’s lifetime is, of
course, very difficult. NIST provides several pub-
lications that can assist the facility manager with
this type of information.

References
National Institute of Standards and Technology,
DISCOUNT: A Program for Discounting Compu-
tations in Life-Cycle Cost Analyses, (NISTIR
4513). A program for computing discount factors.
Be sure to ask for the latest version.

National Institute of Standards and Technology,
Present Worth Factors for Life-Cycle Cost Studies
in the Department of Defense, (NISTIR 4842-2). A
separate version of the report listed above, for
DOD analyses.

See section 2.2 for more information on life-cycle
cost analysis.

Contacts
The FEMP Help Desk at (800) DOE-EREC has
information on the latest developments in wind
energy, photovoltaics, fuel cells, and other “green”
energy technologies, as well as the FRESA soft-
ware.
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Photovoltaics (PV) or photovoltaic cells are devic-
es that convert light into electricity. Although there
are several photovoltaic technologies, the typical
cell is a thin rectangular or circular wafer made of
boron-doped silicon sandwiched with a wafer of
phosphorous-doped silicon. The wafers are wired
together in modules. Thin-film technologies de-
posit the PV material directly onto glass, plastic, or
metal substrate. Especially exciting are products
that integrate PV directly into building materials
such as glass, flexible shingles, and raised-seam
metal roofing.

Action Moment
The present trend in pricing is rapidly making PV
competitive with conventional power systems, es-
pecially where the cost of infrastructure to deliver
power to a site is relatively expensive, such as ex-
tending a new power line or operation of a gener-
ator at a remote site. Give PV serious consider-
ation for isolated or remote applications and struc-
tures because the cost of power line installation is
very expensive. Consider replacing diesel genera-
tors with PV in environmentally sensitive areas
where fuel spills are a special problem.

Technical Information
There are two basic PV system types for any given
application. The first are stand-alone systems with
battery storage, hybrid PV/generator systems with
a diesel or propane generator as back-up. The sec-
ond are utility-interactive (grid-connected) sys-
tems with PV as the primary power source and the
utility grid as the backup.

Manufacturers use several types of semiconductor
materials in photovoltaic cells: single crystal sili-
con, polycrystalline silicon, hydrogenated thin-
film amorphous silicon, cadmium telluride, copper
indium diselenide, gallium arsenide, and others.

Thick-cell photovoltaics are on the order of
4 to 17 mils thick and are comprised of single-
crystal or polycrystalline silicon. Thin-cell photo-

Photovoltaic panels are frequently mounted on
devices that track the sun.

Photovoltaics 3.10.1

voltaics are less than 5 microns thick, require far
less material, and are extremely lightweight.

Thin-film photovoltaic cells are typically
6% efficient in converting light to electricity.
Thick-film cells have efficiencies on the order of
16%.

Stand-alone systems can be set up to
function in several ways: 

A direct-coupled system is the simplest ver-
sion and consists of photovoltaic cells driving a
DC load with no battery storage. Loads such as
water pumps, ventilation fans, and special DC re-
frigerators are good applications.

Battery storage systems to drive DC loads.
These systems store the energy until it is needed,
for example, in powering navigational aids at
night. The simplest version drives DC loads only,
and may require a battery system with charge con-
trol if the loads are variable.

Battery storage systems to drive DC or
AC loads. These systems have an inverter and
charge controller to drive connected AC loads. A
hybrid version has one or more energy sources
such as a wind or motor generator set to supple-
ment battery charging.
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Some good stand-alone applications: Backup
power and emergency communications; irrigation
systems for agriculture; microwave repeaters; ca-
thodic protection for bridges, pipelines, towers,
and wellheads; navigational aids; security systems;
environmental sensors such as radiation monitors;
meteorological stations; noise monitors; and area
and signboard lighting.

Utility-interactive systems or grid-con-
nected systems require an interface to operate with
the grid. The PV power is delivered first to the
load. Any excess power is fed back into the grid.
These systems require synchronous inverters that
not only convert DC into AC power, but also
match the output power to the phase and frequen-
cy of the grid. Some considerations for these sys-
tems:

Public Utilities Regulatory Policy Act
(PURPA) requires utilities to interconnect to any
qualified facility. However, the facility must pay
for the interconnection.

The technical and operating issues that
must be coordinated with the utility are: metering,
safety, equipment protection, service reliability,
and power quality.

When planning a utility-interactive sys-
tem, be sure to check into metering options, buy
and sell rates for power, outdoor disconnect re-
quirements, insurance requirements, and intercon-
nection costs.

Selecting a PV array is an important ele-
ment in creating the PV system. The following ba-
sic information is required to select and procure a
PV array:

Selection criteria: voltage-current characteristics;
long term reliability; power output density; dimen-
sions and weight; manufacturer's reputation; cost
and warranty; framing materials; suitability for
high-temperature operation and self-regulation.

Procurement specifications should contain: mod-
ule manufacturer and model number; module di-
mensions; wiring arrangement; junction box con-
figuration; module max power; max current; short

circuit current; open circuit voltage and other rat-
ing conditions; module framing and fastening sys-
tems; grounding arrangements; instrumentation
and provisions for diagnostics; array circuit dis-
connect arrangement; array bypass diode arrange-
ment.

In 1970 photovoltaic cells cost over
$1,000 per peak watt of power and were used
solely for exotic applications such as spacecraft
power systems. Prices today are under $5 per peak
watt, and power stations of the multiple megawatt
range are under development.

Storage systems for PV arrays provide the
owner the capability of using the captured energy
at night or at other off-peak times. The typical stor-
age system is a set of batteries sized to accommo-
date the PV input as well as the load demand. Ad-
ditional benefits of a battery storage system are:
(1) power is supplied at stable voltages and the
transient peaks from the PV system are smoothed
out; and, (2) transient peak loads coming on and
off line can be supplied the necessary electrical
power at the exact time it is needed.

When selecting a battery system, the de-
signer needs to consider size and weight, cost, war-
ranty, availability, reputation of the manufacturer,
maintenance requirements, cyclic and calendar
life, daily depth of discharge, temperature and en-
vironmental conditions, off-gassing characteris-
tics, and terminal configuration.

References
Department of Energy, National Renewable Ener-
gy Laboratory, Photovoltaic Fundamentals,
(DOE/CH10093-117, Revised Feb 1996).

Florida Solar Energy Center, Photovoltaic System
Design Manual, (FSC-GP-31-86, Revised April
1996), Cape Canaveral, FL

Solar Energy Industries Association, 122 C St,
N.W., Washington, D.C. 20001  (202) 383-2600.

Contacts
Contact the FEMP Help Desk at (800) DOE-
EREC, or the FEMP Home Page at
http://www.eren.doe/femp.
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Wind Energy 3.10.2

Wind power is perhaps the biggest success story in
the arena of alternative or renewable energy sys-
tems. At present, power generation by wind tur-
bines is competitive with fossil fuel and nuclear
power. A new National Wind Technology Center
was recently opened by NREL in a collaborative
effort among industry, utilities, environmental
groups, and others. Over 3,500 MW of windpow-
er generating capacity have been installed world-
wide.

Action Moment
Wind power is an excellent choice for providing
power for large sites with high electricity prices
and where the prevailing winds exceed 21 kilome-
ters (13 miles) per hour for 90% of the year. Wind
electric turbines that generate power at under
5¢/kWh are available in sizes from 1 to 500 kW. If
necessary they can be grouped together in farms to
supply larger requirements.

Technical Information
The grid-connected capacity of wind energy sys-
tems in the United States was 1,717 MW in 1994,
almost half of the world’s total installed wind ca-
pacity. However, at present, the rest of the world is
installing wind energy capacity at 10 times the
U.S. rate. For example, India is expected to add up
to 1,200 MW of wind energy systems in the peri-
od 1994 to 2000.

Wind energy systems help the U.S. econo-
my by creating demand for a wide range of com-
ponents, including: wind electric turbine blades,
gearboxes, generators, electronic controls, and
towers. 

There are two basic wind electric turbine
designs: vertical axis machines that look like “egg
beaters” and horizontal machines that look like
propellers. The latter comprise 95% of the in-
stalled utility-scale (larger than 250 kW) turbines.

Hybrid wind/diesel systems are available
that utilize wind energy generation to the maxi-

mum extent possible, while still providing reliable
and economical power.

Wind electric turbine systems for small-
scale rural electrification have been in use since
the 1930s and require an annual average wind
speed in excess of 13 kilometers per hour (8 mph)
to be economical.

Wind energy systems also are available for
roles other than generating electricity for the grid.
Water pumping systems are available that lift wa-
ter directly through mechanical means, or that
generate electricity for electric pumps.

Wind energy developers are now bidding
utility-scale projects as low as 3.9¢/kWh, an al-
most 80% reduction from the costs of the first
wind energy projects that were installed at a cost
of 30¢/kWh in 1981. Many people are forecasting
that in the next 10 to 15 years, wind energy will be
the cheapest energy available from any source. 

Although some noise is generated by
wind turbine plants, a 300 kW wind turbine cre-
ates only 45 dB of noise at a 200 meter distance. 

Wind power systems now produce electricity
cheaper than fossil fuel plants and are the major
success story in renewable energy.
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The power available from wind is propor-
tional to the cube of its speed. By doubling wind
speed, the power generated increases by a factor of
8. A generator operating in 19 kilometer per hour
(12 mph) winds will generate 29% more electrici-
ty than one operating in a 18 kilometer per hour
(11 mph) wind.

Approximately 20 hectares (50 acres) of
land are required per MW of installed capacity.
However much of the land is actually unoccupied
and can be used for farming, ranching, and other
activities. Systems range from 24 to 37 meters (80
to 120 feet) in height to avoid ground turbulence
and to increase performance due to higher wind
velocities at altitude.

The downsides of wind-turbine-generat-
ed electricity are the potential visual impacts and
bird collisions. Efforts are being made to mitigate
both of these effects. Using turbines of the same
size and uniform spacing, plus the use of comput-
er simulation to analyze the visual impacts can
greatly improve the appearance of a wind farm.
The National Audubon Society and others are
working with the American Wind Energy Associa-
tion to minimize bird impacts.

Wind energy carries a “production tax credit”
for any wind turbines installed after December 31,
1993 and before July 1, 1999. The tax credit is

1.5¢/kWh generated and applies for the first ten
years of the turbine’s operation. The Energy Poli-
cy Act of 1992 contained these provisions for stim-
ulating the development of wind power.

References
American Wind Energy Association, Small Wind
Energy Systems Application Guide, Washington,
DC, 1993.

American Wind Energy Association, Wind/Diesel
Systems Architecture Guidebook, AWEA Standard
10.1-1991, Washington, DC, 1991.

American Wind Energy Association, Wind Energy
for Sustainable Development, Washington, DC,
1992.

Contacts
For a CDROM of windspeeds from around the
United States, contact FEMP at (800) DOE-EREC.

American Wind Energy Association, 122 C Street,
NW, Washington, DC, 20001 (202) 383-2500

National Renewable Energy Laboratory, National
Wind Technology Center, 1617 Cole Blvd., Gold-
en, CO, 80401 (303) 384-6900

National Wind Technology Center, NREL, 1617
Cole Blvd., Golden, CO, 80401 (303) 384-6900.

To obtain accurate infor-
mation on wind speeds in

a given location or to increase
the confidence level in wind data

prior to executing a project, a year
of data collection may be necessary.
Equipment to accomplish this costs

$1,500 to $3,000 and can be
installed in one day. FEMP also has
a CDROM containing wind speeds

throughout the United States.
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3.10.3

Fuel cells generate electricity by converting chem-
ical energy into electrical power with no moving
parts. Power generation via fuel cells is a rapidly
emerging technology that provides electricity with
high efficiency and low noise. Fuel cells provide
the opportunity to transition from fossil fuels, such
as natural gas, methane, and liquid hydrocarbons,
to what many consider to be the fuel of the future:
hydrogen. The oxygen used in the fuel cell is at-
mospheric oxygen and the hydrogen is either ele-
mental hydrogen or hydrogen extracted from hy-
drocarbon fuels using a device called a reformer.
Fuel cell power plants that produce up to 11,000
kW have been built from multiple 200 kW units.

Action Moment
The Department of Energy and the Department of
Defense have several programs to subsidize the
purchase of fuel cells for use in a variety of appli-
cations. These programs are intended to create a
“push” effect to accelerate the development of this
technology. In a recent program, DOE earmarked
$15 million for grants to prospective buyers with
priority being given to DOD installations. DOE is
offering to pay $1,000 per kW for Federal projects
between 100 and 3,000 kW, not to exceed one-
third of project costs. Contact the DOE’s Business
Information Center about this program.
(http://www.metc.doe.gov/business/solicita.html)

Technical Information
Fuel cells are electrochemical engines that convert
the chemical energy of a fuel and an oxidant di-
rectly into electricity. The principal components
are catalytically activated electrodes for the fuel
(anode), the oxidant (cathode), and an electrolyte
to conduct ions between the two electrodes. Be-
cause the operating conditions of the fuel cell are
largely determined by the electrolyte, fuel cells are
classified by the type of electrolyte.

There are several fuel cell technologies being
developed at present:

Phosphoric acid fuel cells (PAFC) have
an acid electrolyte and are the most highly devel-
oped fuel cells. These have relatively low-temper-
ature operation, around 200˚C (400˚F), produce on
the order of 200 kW, and are commercially avail-
able.

Fuel cells using a molten carbonate
(MCFC) electrolyte are relatively high-tempera-
ture units, operating in excess of 600˚C (1100˚F).
MCFCs are being designed for larger-scale appli-
cations on the order of 50 to 100 MW. The high-
temperature exhaust gases can be used in a com-
bined cycle system, creating an overall efficiency
on the order of 80%.

Solid oxide (SOFC) electrolyte fuel cells are
also high-temperature devices, operating at 600 to
1000˚C (1100 to 1800˚F). At these temperatures a
natural gas-powered fuel cell does not require a re-
former. The solid construction of the SOFC fuel
cell prevents some of the corrosion problems of
liquid electrolyte fuel cells. A variety of 20 to 25
kW SOFC units have been tested, and units up to
150 kW are planned.

Fuel Cells

This fuel cell powers some of the electrical sys-
tems at the Pittsburgh International Airport.
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Proton exchange membrane (PEM) fuel
cells are well-suited to mobile applications requir-
ing relatively compact power systems. The electro-
chemistry of PEM fuel cells is similar to that of
phosphoric acid fuel cells. They operate in the
same pressure range, but at a much lower temper-
ature, about 80˚C (175˚F). PEM cells are being
used to power buses and automobiles. Their very
low thermal and noise signatures may make them
especially useful for replacing military generator
sets.

Efficiencies as high as 70% have been observed
for fuel cells in laboratory settings. Actual efficien-
cies of commercially available fuel cells range
from 50% to 60%. In automotive applications the
expected efficiency range is 36% to 50%, com-
pared to 20% for current internal combustion sys-
tems.

Fuel cells are inherently less polluting
than conventional fossil-fuel technologies and are
more efficient in producing electricity. They pro-
duce almost no harmful air or water emissions.
The principal by-product is water.

Fuel cell-powered vehicles are projected to save 2
billion to 4 billion barrels of oil per day by the year
2030. Total economic benefits are forecast to range
from $26 billion for methane-powered fuel cell ve-
hicles to $116 billion for hydrogen-powered vehi-
cles.

The footprint of a 200 kW PAFC unit is
about 20 m2 (200 ft2), while the footprint of a 2.85
MW MCFC plant is about 450 m2 (4,500 ft2).

Many types of fuel cell power plants must
have their stack and fuel processor units replaced
every 5 to 10 years, requiring a shutdown of sever-
al days for the replacement.

The U.S. Army Corps of Engineers Con-
struction and Research Laboratory (CERL) plans
to complete the distribution of eleven 200 kW
PEM fuel cells to Department of Defense installa-
tions by the end of 1996.

Four parallel 15 kW fuel cells provide all the
power required by the Space Shuttle once it is in
orbit.

References
Department of Energy, Federal Energy Manage-
ment Program, “Natural Gas Fuel Cells,” Federal
Technology Alert, Washington, DC. Available from
the FEMP Help Desk at (800) DOE-EREC.
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Department of Energy, Morgantown Energy Tech-
nology Center, 3610 Collins Ferry Road,
Morgantown, WV 26505, (304) 285-4086

Department of Energy, Office of Propulsion Sys-
tems, 1000 Independence Avenue SW, Washing-
ton, DC 20585, (202) 586-8055

Department of Energy, Argonne National Labora-
tory, Electrochemical Technology Program, 9700
Cass Avenue, Argonne, IL 60439-4837, (708) 252-
7563

Department of Energy, National Renewable Ener-
gy Laboratory, 1617 Cole Blvd., Golden, CO
80401 (303) 231-7681

Department of Energy, Pacific Northwest National
Laboratory, PO Box 999, MSIN-K5-08, Richland,
WA 99352. Ask for Steven Parker. (509) 375-6366


